ABSTRACT: Two separate field experiments were conducted during 2013 and 2014 to study the effects of natural sources of phosphorus and potassium fertilizers as rock phosphate (RP) and feldspar (F) with or without biofertilizers comparing with chemical fertilizer (PK) on growth, yield and quality characteristics of roselle (Hibiscus sabdariffa L.) plant. The first experiment included phosphorus treatments (at different levels of rock phosphate; 150, 200 and 250 kg/fed) and the second one included potassium treatments (at different levels of feldspar; 250, 350 and 450 kg/fed), each comparing with recommended dose of chemical PK. The obtained results revealed that co-inoculation of PDB (Bacillus megaterium var. phosphaticum) and KDB (Bacillus mucilaginosus) in conjunction with direct application of rock phosphate at rates of 200 and 250 kg/fed and feldspar at rates of 350 and 450 kg/fed respectively, into the soil significantly increased the growth characteristics under the study (plant height, number of branches/plant, fresh and dry weight/plant,) along with yield (number of fruits/plant, fresh weight of fruit/plant, fresh and dry weight of sepals/plant, weight of seeds g/plant and weight of dry sepals kg/fed) comparing to chemical PK and other treatments. The highest growth and yield were obtained from plants treated with 200 kg/fed rock phosphate plus PDB in the first experiment and 350 kg/fed feldspar plus KDB in the second experiment. While PK treatment resulted in the highest acidity % and total anthocyanin content of dry sepals as compared to all the other treatments in the first and second seasons. Generally, the results suggest that the use of biofertilizer with rock phosphate or with feldspar are economical, environmental friendly and have potential to improve roselle yield and quality.
INTRODUCTION
The genus Hibiscus is an annual herbaceous shrub belonging to the family Malvacea. True roselle is H. sabdariffa L., of which there are two main types. H. sabdariffa var. altissima Wester. and H. sabdariffa var. sabdariffa (Morton, 1974) . The roselle plant cultivated mainly for its flowers. Seeds and leaves have some uses in traditional medicine for relief of sour throat and for healing wounds as an anti-septic (Eltayeib and Hamade, 2014) . Also has been to be folk treatment for cancer, obesity, diabetes and hypertension (Osuntgum and Aboaba, 2004) . The crop has been gaining importance in the manufacture of many small industries, e.g. jams, jellies, sweet, sauces and cosmetic and also used as a coloring material for food and beverages.
Plant nutrients are a vital component of sustainable agriculture. Increased crop production largely relies on the type of fertilizers used to supplement essential nutrients for plants. Phosphorus and Potassium are essential nutrients for crop growth and development among the macronutrients. Most of the tropical soils are known to have low phosphorus status (Balasubramanian et. al., 1978; Adepetu, 1986) . Inclusion of phosphorus fertilizers in any crop fertilization program is therefore very important for these soils. Since, application of chemical fertilizers increase the soil and water pollution and accumulation of some heavy metals such as cadmium, they can threat the human health. Therefore, the use of locally-available alternatives, such as indigenous rock phosphate (RP) and feldspar is now being advocated. From direct application of RP as a P source to the soils, it has been clearly found that this approach is feasible for the acidic soils and beneficial to crops (Caravaca et al., 2004 and Akande et al., 2008) . Also potassium is essential in all cell metabolic processes. Consequently, K deficiencies become a problem because K decreases easily in soils due to crop uptake, run off, leaching and soil erosion . Direct application of rock phosphate (RP) and potassium (RK) materials may be agronomically more useful and environmentally more feasible than soluble P and K (Ranawat et al., 2009) . Rock P and K materials are cheaper sources of P and K; however, most of them are not readily available to a plant because the minerals are released slowly and their use as fertilizer often causes insignificant yield increases of current crop (Zapata and Roy, 2004) . The use of plant growth promoting rhizobacteria (PGPR), including phosphate and potassium dissolving bacteria (PDB and KDB) as biofertilization, was suggested as a sustainable solution to improve the plant growth and plant nutrition.
Bio-fertilizers containing beneficial bacteria and fungi improve soil chemical and biological characteristics, and agricultural production (El-Habbasha et al., 2007; Yosefi et al., 2011) . On the other hand, use of biofertilization on Egyptian soils has decreased the pH, which had led to increased availability of trace elements that enhance plant growth (Mahfouz and Sharaf-Eldin, 2007) .
Some bacteria provide plants with growth promoting substances and play major role in phosphate solubilizing (Abou-Aly et al., 2006) . Phosphate solubilizing bacteria have been used to improve rock P value because they convert insoluble rock P into soluble forms available for plant growth (Nahas et al., 1990; Shivay, 2010) . This conversion is through acidification, chelation and exchange reactions (Gerke, 1992) and produces, in the periplasm, strong organic acids (acetate, lactate, oxalate, tartarate, succinate, citrate, gluconate, ketogluconate, glycolate, etc.) reduce the pH of the microenvironment prevailing around these microbes (Alexander, 1997; Puente et al., 2004 and Parassana et al., 2011) . Bacillus megaterium var. phosphaticum is known for its ability to solubilize rock P material (Rodriguez and Fraga, 1999) . Potassium dissolving bacteria is an aerobic bacteria which play an important role in maintaining soil structure by their contribution in the formation and stabilization of water-stable soil aggregates (Zakaria, 2009 ). In addition, KSB are able to solubilize rock K mineral powder, such as micas, illite and orthoclases (feldspar), also through production and excretion of organic acids or chelatesilicon ions to bring the K into solution (Friedrich et al., 1991; Ullman et al., 1996) . It was shown that KSB, such as Bacillus mucilaginosus, increased K availability in soils and increased mineral content in plant Zakaria, 2009 ). An integrated application of rock P and K materials with co-inoculation of bacteria that solubilize them might provide faster and continuous supply of P and K for optimal plant growth (Girgis, 2006; Eweda et al., 2007) .Therefore the objective of this study was to evaluate the effectiveness of Rock Phosphate as (RP) as phosphorus source and feldspar as potassium source amended with biofertilizers on the growth, yield and quality of roselle.
MATERIALS AND METHODS
The present investigation was carried out at the experimental farm of Agricultural Research Station, Arab-El-Awamer, Assiut Governorate, Egypt, during the two successive seasons of 2013 and 2014 to evaluate the effects of soil fertilization with rock phosphate and feldspar materials (supplied by Al Ahram mining and natural fertilizer company in Egypt.) and coinoculation with Phosphate dissolving bacteria (PDB), Bacillus megatherium and potassium dissolving bacteria (KDB) Bacillus mucilaginosus (were obtained from Central lab. of Organic Agriculture, Agricultural Research Center, Giza, Egypt) on the improvement growth, yield and quality of roselle (Hibiscus sabdariffa) under limited P and K soil conditions. There were two experimental parts, consisting of rock phosphate as phosphorus source and feldspar as potassium source were applied as alternatives for chemical PK fertilizers. The layout of the experiments was a randomized complete block design (RCBD) with three replications. Pre-crop soil samples from surface soil (0-30 cm depth) were taken for chemical and physical analyses. The soil of the experimental field was calcareous sandy soil and its characteristics are presented in Table ( 1) which was done according to the methods described by Black et al. (1982) and Jackson (1973) . Plot size was 2.5 m x 1.5 m comprising two rows of 60 cm apart with plant spacing 50 cm between each two hills cultivated on both sides of the ridge. Table (2). A comparison was made between using chemical and natural fertilizer mixtures with or without biofertilizers. All phosphorus and potassium treatments were added in the soil at planting time, while nitrogen source fertilization was applied for all treatments as ammonium sulphate 20.5% at the rate of 300 kg/fed at 3 doses (after thinning, then at monthly intervals, the biofertilizers used inocula were added at three times in season (200 g powder/100 L water as recommended) at the rate of 600 g/fed, each carrier inoculum contains 10 9 cfu/g. All of the other agricultural practices were applied as usual. At the harvesting, five plants were selected from the middle rows of each plot and tagged for plant height (cm), number of branches/plant, fresh and dry weight (g/plant), number of calyces/plant, fresh weight of fruit/plant, fresh and dry weight of sepals (g/plant), weight of seeds g/plant and weight of dry sepals kg/fed as well as acidity % and total anthocyanin content (mg/g) of dry sepals were measured. The extraction of the total anthocyanin pigments of the dry sepals were done by using ethyl alcohol according to the method described by Tribor and Francis (1968) and the total anthocyanin content was determined according to the method of Fuleki and Francis (1968) , developed by Due and Francis (1973) .
Dry sepals were used to prepare extract (0.2 g of dry sepals/100 ml of tap water) in which the acidity (pH) as citric acid was determined as described by Diab (1968) .
Statistical analysis:
Data were statistically analyzed by using F test according to Snedecor and Cochran, (1973) and Least Significant Difference (LSD) test was applied at 5% probability level to compare the means of various treatments according to Steel and Torrie (1982) .
RESULTS AND DISCUSSION

1-Phosphorus fertilization experiment: a-Effect of Rock phosphate (RP) on growth of roselle:
The data in Table ( 3) showed that all treatments of rock Phosphate inoculated with PDB fertilizers significantly increased vegetative growth characters as compared to RP without biofertilizers and chemical fertilizers in both cultivated seasons. The highest plant height, root length, number of branches, number of fruits and weight of fresh and dry plant (178.73 cm, 44.90, 25.03, 98.37, 964.0 and 209 .97 g/plant respectively) was achieved by application of PDB with 200 kg/fed rock phosphate. The lowest values were obtained from the RP without PDB treatment in both seasons. Han et al. (2006) found that combined PSB (phosphate solubilizing bacteria) inoculation with application of rock P consistently increased shoot and root dry weight as compared to control. On the other hand, application of RP combined with PDB resulted in increase of P uptake by about 89% compared with RP alone, this might be explained that these bacteria have been used to convert insoluble rock P material into soluble forms to be available for plant growth (Nahas et al., 1990) . Ibrahim et al. (2010) attributed the increase in the growth of the biofertilized trees due to the ability of B. megaterium to produce some growth promoting substances such as IAA, gibberellins and abscisic acid, it is also well known that B. megaterium produces organic, inorganic acids and CO 2 , which lead to increase in soil acidity and consequently convert the insoluble forms of phosphorus into soluble ones.
b-Effect of rock phosphate (RP) on the yield of roselle:
The effect of natural phosphate fertilizer (RP) amended with PDB and chemical PK fertilizer on the yield of roselle was significant as compared to RP alone. The mean comparison of data in different treatments (Table 4) showed that the highest yield was achieved by application of RP at the rates of 200 and 250 kg/fed + PDB treatments.
Among rock phosphate treatments, the highest number of fruits, weight of fresh fruits, weight of fresh and dry sepals/plant and expected weight of dry sepals kg /fed of Hibiscus sabdariffa L were scored by application of 200 kg/fed RP+PDB treatment, and also the same treatment gave the highest seeds yield (79.67 and 78.60) in the first and second seasons, respectively, (Table 5) . From the explaination; phosphate solubilizing bacteria (Bacillus polymyxa) release organic and inorganic acids which reduce soil pH leading to change of phosphorus and other nutrients to available forms ready for uptake by plants (Singh and Kapoor,1999) . Akande et al. (2011) reported that application of ogun rock phosphate (ORP) as a source of P, either amended or un-amended improves the growth and seed yield of kenaf (Hibiscus cannabinus L.).
c-Effect of Rock phosphate (RP) on acidity and anthocyanin content of roselle:
The results in Table ( 5) showed that all the fertilization treatments significantly increased quality of calyces including anthocyanin contents and acidity %, compared with the values recorded for the plants treated with RP alone, giving the least value. The highest acidity and anthocyanin content (29.24%, 62.21 mg/g and 26.77%, 62.49 mg) in the first and the second seasons were determined in case of applying chemical PK fertilizer and 200 kg/fed RP+PDB, respectively. In the same line, Sakr et al. (2014) reported that results obtained from any fertilization treatment (chemical PK, rock phosphate and feldspar fertilizers) in combination with inoculation by the mixture of biofertilizers containing Bacillus megaterium var. phosphaticum and Bacillus mucilaginosus were better, than the use of the same fertilization treatment alone and improving the quality of calyces of roselle plants.
2-Potassium fertilization experiment: a-Effect of feldspar (F) on the growth of roselle:
The data in Table ( 6) showed that, complementary applications of feldspar with biofertilizers, increased significantly all of vegetative characters of roselle plants (plant height, number of branches, number of fruits and weight of fresh and dry plant) comparing to the other treatments in both years. The highest values were recorded for the application of 350 and 450 kg/fed rock potassium with biofertilizers respectively. The obtained data are in agreement with those reported by Abou-el-Seoud and AbdelMegeed (2012). Badr et al. (2006) , they found that the dry matter of sorghum plants inoculated with silicate dissolving bacteria (SBS strain) and supplied with minerals (feldspar and rock phosphate) were increased by 48%, 65% and 58% for clay, sandy and calcareous soil, respectively moreover potassium uptake had been improved markedly with inoculation of bacteria in the tested soils as compared to the corresponding controls, for the plants supplied with minerals alone. And also Han et al. (2006) reported that application of (RP+ PDB) and (RK +KDB) increased the growth by about 38% and 28%, respectively, compared with the control.
b-Effect of feldspar (F) on yield of roselle:
With respect to yield parameters the results (Table7) revealed that the application of chemical fertilizer and feldspar with biofertilizer significantly affected on most characters at 5% probability level as compared to feldspar without bio-fertilizer. With respect to sepals, data presented that the highest yield was obtained in case of application of the recommended dose of (PK) chemical fertilizers and feldspar plus KDB treatments. While the application of 350 kg/fed + KDB resulted in the highest increase in dry sepals yield (g/plant) and the expected weight of sepals (kg/fed), giving 38.58 g/plant and 604.93 kg/fed, respectively) comparing with the other treatments. The interactions effect of biofertilizer and feldspar was significant on seeds yield. The addition of 350 kg/fed feldspar + KDB treated plants resulted in significantly the highest yield of seeds (71.61 and 73.97 g/plant in the first and second season, respectively) as compared with the plants unamended with feldspar (Table 8 ). In the same line Shaalan (2005) on Nigella sativa and Sakr et al. (2014) on Hibiscus sabdariffa showed that biofertilizers treatments promoted the growth and increased the yield of the plant. This increase might be attributed to the fact that KDB release organic acids, which solubilize the insoluble rock K materials (Friedrich et al., 1991; Ullman et al., 1996) . Similarly, Styriakova et al. (2003) reported that the activity of potassium dissolving bacteria played a pronounced role in the release of K from feldspar.
c-Effect of feldspar (F) on acidity and anthocyanin content of roselle:
The obtained results in Table ( 8) show that there were significant increase in the total anthocyanin content and total acidity of sepals as a results of PK chemical fertilizer treatment and feldspar plus biofertilizer comparing to the plants treated with feldspar alone. The highest anthocyanin content and acidity % were found in case of applying PK chemical fertilizer and 350 kg/fed feldspar plus biofertilizer, respectively. In the same line Sakr et al. (2014) reported that any fertilization treatment (chemical PK, rock phosphate and feldspar fertilizers) in combination with inoculation of the biofertilizers mixture containing Bacillus megaterium var. Phosphaticum and Bacillus mucilaginosus were more effective than using of the same fertilization treatment alone on improving quality of calyces.
CONCLUSION
It can be concluded from the results that, inoculation of PDB and KDB in conjunction with the direct application of rock phosphate and feldspar materials into the soil significantly increased the plant growth, sepals yield and quality of roselle plants grown on calcareous soils. The application of these bio-inoculants not only helps in the solubilization of the fixed P in rock Phosphate and k in feldspar but also reduce the amount of costly prepared chemical fertilizers being applied to the soil, thereby providing a cheaper and sustainable source of phosphorus and potassium for the plants and obtaining safe and high quality product. squash (Cucurbita pepo L. 
